Differential Extracellular Signaling Via FcγR and FMLP in Functionally Distinct Antigen-Presenting Cell Subsets: Ultraviolet-Induced Epidermal Macrophages Versus Langerhans Cells  by Shibaki, Akihiko et al.
Differential Extracellular Signaling Via FcyR and 
FMLP in Functionally Distinct Antigen-Presenting 
Cell Subsets: Ultraviolet-Induced Epidermal 
Macrophages Versus Langer hans Cells 
Akihiko Shibaki,*i" Akira Ohkawara,i" and Kevin D. Coopert 
*Immunodermatology Unit, University of Michigan, Ann Arbor, Michigan, U.S.A.; t Department of Dermatology, Hokkaido 
University School of Medicine, Sappo.ro, Japan; and :j:Ann Arbor Veterans Administration Hospital , Ann Arbor, Michigan, U.S.A. 
Sunbumed skin is characterized by expanded num-
bers of macrophages (ultraviolet [UV]-MPH), and 
these UV -MPH differ from Langerhans cells (LC) in 
their abilities to initiate T-cell-mediated immune 
reactions. UV -MPH and LC may themselves be dif-
ferentially responsive to the surrounding milieu, 
which may in tum modulate their immunoregulatory 
activity. We asked whether immunologic signal re-
sponsiveness, as assessed by cytosolic calcium mobi-
lization, differed among normal human LC, UV-
MPH, and normal blood monocytes. LC from normal 
skin and UV -MPH from UV -exposed skin were dis-
tinguished from keratinocytes in epidermal cell sus-
pensions by labeling with anti-HLA-DR. Intracellu-
lar calcium content was monitored in real time with 
the calcium indicator, indo-1, after cross-linking 
FcyRI, FcyRII, CD11b, CD11c, or CD18 molecules, 
or addition of interleukin-1a, IL-1/3, interferon-y, 
bradykinin, substance P, or FMLP. Using flow cyto-
metric analysis of cell suspensions, UV-MPH and 
blood monocytes were triggered by cross-linking 
T he epidermis of norn1al and sunburned skin are excellent sources of homogeneous populations of two distinct subsets of antigen-presenting cells (APC) residing in a tissue location. T he APC population of nornul human epidermis is exclusively that of Lan-
gerhans cells (LC), w hereas the APC activity of acutely UV-
exp.osed epidermis is that of activated macrophages [ultraviolet 
(UV)-MPH]. Epidennal LC are members of the bone marrow-
derived dendritic cell lineage and are critical for antigen presenta-
tion by the epidermis [1) and for the induction of antigen-specific 
immwuzation by contact allergens [2,3] . After UV exposure, LC 
reach a nadir of depletion at the same time that macrophages reach 
a peak of infiltration [ 4,5]. Antigen presentation by skin containing 
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FcyRII (flux of 6.05 and 12.2, respectively). UV -MPH 
could also be triggered by FcyRI crosslinking and 
FMLP (flux of 6.41 and 15.54, respectively). By con-
trast, none of these inflammatory stimuli could cause 
cytosolic calcium mobilization in normal LC (Flux of 
-0.2 by FcRII, and 0.18 by FMLP). Because LC 
calcium flux may he dependent upon extracellular 
attachments, LC were anchored onto .fibronectin-
coated coverslips and then their FcyRII was crosslinked 
in a continuous flow chamber. However, image analysis 
also failed to detect calcium flux. Neither population 
responded to interleukin-1, interferon-'}', bradykinin, 
substance P, or /32 integrin crosslinking. These results 
indicate that blood monocytes and in.filtrating macro-
phages differ substantially from LC in their responses to 
immune complexes and chemoattractants. Differential 
responsiveness to the inflammatory milieu may influ-
ence the antigen presenting or effector capabilities of 
these populations. Key words: cald11mlsignal trattsd11ction. 
J Invest Dermatol 105:383-387, 1995 
UV-MPH rather than LC is fundamentally different from that of 
normal skin. Immunization through repeated or single low-dose 
UV-irradiated skin in mice causes antigen-specific unresponsive-
ness due to tolerance (2,5,6). In humans, UV-MPH preferentially 
activate T cells that suppress lymphocyte responses [7) by activating 
autoreactive CD4 + suppresser inducer T cells [8). In mice, mono-
cytic/macrophagic CD11 b + class II major histocompatibility com-
plex (MHC) + cells infiltrating UV -exposed epidermis iu 11i11o are 
the critica l APC carrying the tolerogcnic signal (9]. These different 
types of functional intmm1e responses initiated by normal LC and 
UV-MPH may relate to the different patterns of early T-cell 
activation genes that they each induce.§ In turn, these different 
patterns ofT-cell activation may be due to differential cytokine 
production; UV-MPH secrete much higher levels ofinterleukin 10 
(IL-10).~ a cytokine that has been implicated in UV-induced 
§ Stevens SR., Shibaki A, Meunier L, Cooper KD: Suppressor T cel.l-
activating 111acroph agcs iJl UV-irradjated luunan skin induce a n ove l fornt of 
T cell activation characterized by reduced early activation gene IL-2Ra 
exp•·ession (abstr) . J fillies/ Demrntol 102:539, 1994 
'II Kang K, 1-lammerbcrg C, Meunier L. Cooper KD: UV-induced 
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immunosuppressio n [1 0, 11] , w h ereas LC make IL-12, * * a cytokine 
w hich potentiates TH1 responses and in terferon (!FN) production 
[12]. 
Both LC and cells of monocyte/macrophage lineage are well 
known to modify their phenotypic and fun ctional characteristics in 
response to their local environment [13-17]. LC and UV -MPH 
sh are certain surface receptors for extracellular matrix proteins, 
immune complexes, and cytokines. However, APC m ay be differ-
entially responsive to these stimuli; for instance, antigen-presen tin g 
B cells an d m acrophages exhibit differential cal cium flux respon-
siveness to FcyRll triggering [18]. If such differences exist between 
LC and UV-MPH, suc h differen ces may in turn modulate and 
accou n t for their di1ferential APC activi ty. 
Indeed, in this study, differential sig nal-transduction even ts in 
LC, UV-MPH and peripheral blood monocytes were demonstrated 
by measuring intracellular ca lcium mobilization afte r stimulatio n by 
crosslinking cell-surf2.ce receptors su ch as FcyRll , w hic h are sh ared 
by these different APC populations. 
MATEIUAL AND METHODS 
Preparation of Epidermal Cell Suspensions Skin was obtained from 
nonnal adult volun teers by keratome biopsy after informed consent. For 
UV exposure, four minimal erythemal doses ofUV radiation from FS40Tl 2 
lamps were administered to normal buttock skin. Epidermal cell (EC) 
suspensions both from nom1al and UV-cxposed human skin were prepared 
by dispase separation and trypsin disaggregation as previously described 
[1 7]. In certain experiments, to obtain suffi cient fl ow of LC for the 
experiments measuring intracellular calcium mobilization, LC were en-
riched by Ficoll centrifugation [19). 
Isolation of Peripheral Blood Mononuclear and Polyntorphonu-
clear Cells Human peripheral blood was mixed with an equal volume of 
3% dextran (Pharmacia, Uppsala, Sweden). After red blood cell agglutina-
tion and 1 G sedimentation for 2 min at room temperature, the supernatant 
was collected and ccntrifnged, and the leukocyte pellet was incubated for 30 
seconds with 20 ml of0.2% sodium chloride fo l.l owed by the addition of20 j 
ml of1.6% sodium chloride to restore isotonicity. T lus process was repeated 
until the pel.lct was free of red blood cells. 
Intracellular Calcium Measurement by Flow Cytometry Cell sus-
pensions were loaded with indo-1 AM (Molecular Probes, Eugene, OR) 
and costaincd with phycoerythrin (PE)-conjugatcd anti-l-ILA-OR , anti-
CO l a (Becton Dickinson, Mountain View, CA, or Coul ter Immunolo!,ry, 
Hialeah, FL. respectively) or their isotypc controls (Becton D ickinson or 
Coulter Immunology, respectively) as previously described [20]. Simulta-
neously, monoclonal antibodies (MoAb) for Fc-ylU , Fc-yRll (Medarex, Inc., 
Annandale, NH), CD11 b (Ortho Diagnostic Systems, Raritan, NJ) , CD11 c 
(Becton Dickinson), or CD 18 (Amac, W estbrook, ME) were bound to the 
appropriate surface molecules for subsequent crosslinking. Intracellular 
calcium measurements were performed with an Epics Elite Aow cytometer 
(Coulter Cytometry, Hialeah, FL), as previously described [20] . Monocytes 
and granulocytes were first se lected by their forward and 90° light sca tter 
(cytoplasm ic complexity), and LC and UV-MPH were selected on the basis 
of their HLA-DR or COla PE fluorescence. The baseline indo-1 ratio was 
then measured for 30 seconds before the addition of the stimuli and 
thereafter for up to 400 seconds. After establislung baseline indo-1 fl uores-
cence , goat anti-mouse lgG l or IgG2b (Cal tag Laboratories , Inc. , South San 
Fran cisco, CA) was added to crosslink the primary MoAbs bound to the 
appropriate SLtrface receptors, or !L-1a (1 0 ng/ml} , TL-1/3 (1 0 ng/ml) , 
IFN--y (1 00 U/ml) , bradykinin (10 !J.M), substance P (1.00 nM) or formyl-
methionyl-leucyl-phenylalmune (FMLP) (1 !J.M) (Sigma) were added. Cells 
were kept at 37°C using a circulating water bath during the data acquisition. 
All data were stored in Listmode, down-loaded onto optical disks (M.itsub-
ishi). and analyzed using both Eli te software version 3 (Coulter} and Multi 
T ime software (Phocni:x Flow Systems, Inc., San D iego, CA). 
Cell Preparation for Intracellular Calcium Measurement by Image 
Analysis 1.0 X 106 LC-enriched EC were resuspended in 100 !J.l of PBS 
epidermal CDllb+ macrophages produce IL-l 0 and represent the most 
potent source of IL-1 0 in UV-cxposed human epidcm1is (abstr). J lu vest 
Derma to/ 102:557, 1994 
** Kang K, H:umnerberg C, Meunier L, Cooper KD: UV-induccd 
epidennal CD1 1b+ macrophagcs prod uce IL-10 and represent the most 
potent source of IL-1 0 in UV-exposed human epidermis (abstr}. J hwest 
D enuntol 102:557, 1994 
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with 1% fetal bo vine serum (FBS), placed on a coverslip previously coated 
with fi bronectin (Sigma, St. Lo u.i s, MO) [21 ), and incubated at 37"C for 30 
min. After the incubation, cells were washed once and incubated with 0.5 
!J.M offura-2 AM (Molecular Probes) in physiologic sal t solu tion (PSS) [22] 
for 30 min at room temperature. Then cells were washed and incubated 
with the cockta.il of bio tin-conjugated anti-HLA-DR. (Becton Dickinson) 
and anti-Fc-yRI I or thei.r isotype controls for 30 min at room temperature, 
followed by incubation with Texas Red-conjugated streptav idin Qackson 
lmmunoresearch Labs, Inc., West Frove, PA) for 30 min at room temper-
ature and three subsequent washes. 
Intracellular Calcium Measurement by Image Analysis For mea-
surement of intrace llular calcium, fura-2-loaded, fibronectin-adherent EC 
were transferred to a closed chamber mounted on the stage of a Nikon 
Diaphot fluorescence microscope, and superfused continuously with PSS at 
37°C. Solution changes were accomplished rapidly by means of a valve 
attached to an eight-chambered superfusion reservoir. LC were selected 
from keratinocytes on the basis of d1 eir HLA-DR TR fluorescence. Dual 
excitation, alternating between 340 and 380 nm, was provided by a SPEX 
Auorolog system (SPEX Industries Inc., Edison, NJ) and enussion at 505 nm 
associated with this excitation was stored and analyzed by DM3000nm 
soflware (SPEX). Calibration of fluorescent ratio signals was accomplished 
as previously described (23). 
Statistical Analysis T he indo-1 ratio was collected in each individual 
subject and pooled for group mean and SEM, and compared using the 
Student t test fo r paired data. 
RESULTS 
FcyRJI Crosslinking Increases Intracellular Calcium in 
Normal Human Monocytes, Granulocytes, and UV-MPH, 
But Not in LC Each cell population was stimulated b y crosslink-
ing the low-affinity IgG receptor, FcyRII, and the degree of 
mobilization of intracellular calcium was assessed. Pe t;pheral blood 
monocytes were u sed to model the responsive n ess of monocytes in 
the intravascular compartm ent prior to extravasati.on into the skin 
after UV injury. M o n ocytes were selected by th eir Light scatter (Fig 
la) whereas UV-MPH and LC w ere se lected by their HLA-DR 
expression (Fig ll1,c). The nonspecific binding of PE-conjugated 
isotype control IgG2a to UV-EC (Fig lb) and C-EC (Fig lc) is 
displayed as a contour plot overlaid with a dot plot of the 
PE- anti-HLA-DR staine d cells. The baseline and post-c rosslink-
ing indo-1 ratio of each cell was calculated as the m ean indo-1 ratio 
of the entire DR+ population at a given time point, and plotted as 
a line graph using the Multi Time software package (Fig ld-j) . 
Basal indo-1 ratios of these monocytes and DR+ EC were stable for 
30 seconds, but after addition of crosslinking goat anti-mouse 
IgG2b antibody to samples pre viously incubate d with mouse IgG2b 
anti-FcyRII M oAb, granulocytes (not shown), monocytes (Fig ld), 
and UV-MPH (Fig le) expe rienced a rapid increase in indo-1 ratio, 
reaching a peak a t 30 and 60 seconds after crosslinking, respec-
tively. By con trast, LC did not c hange the ir indo-1 ratio in response 
to FcyRII crossli nking on their surface (Fig 1./). None of these 
three cell populations substantially changed their intraceUular cal-
cium level if the isotype control antibo d y was use d in place of 
anti-FcyRII (Fig ld-j). We have previously d emon strate d that LC 
are indeed capable of fluxin g Ca + + under these flow conditions if 
calcium ionophore is the signal [20]. 
Comparison of Intracellular Calcium Levels in UV-MPH 
and LC After Surface Receptor Crosslinking To dete rmine 
whether LC and UV-MPH may also differ in their response to other 
sig nals , their responses to surface receptors utilized during an 
immunologic reac tion were compared . UV-MPH significantly in-
creased intracellular ca lcium after crosslinking FcylU (Fig 2a, bold) 
re lative to its isotype control (Fig 2a, 11011-bold) and after the 
addition of the potent chemoattrac tant FMLP (Fig 2 c). Crosslink-
ing of the {32 in tegrin commo n chain, CD18, resulted in a slight 
elevation of indo-1 ratio relative to the isotype control in two of 
three subjects, but the le vel of cal cium flux w as minimal (Fig 2 e). 
C rosslin king of the CD1 ·1 c {32 integrin chain, however, failed to 
indu ce an y eviden ce of signaling (not shown) . By contrast, LC 
failed to exhibit any response to e ithe r FcyRI or CDl8 crosslinking, 
or FMLP (Fig 2b,dJ). None of the other tested soluble f.,ctors that 
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Figure 1. Both peripheral blood monocytes and UV-MPH, but not 
LC, cause calcium flux after crosslinking FcyRII. Each cell subset was 
selected by either its characteristic forward and right angle light scatter in 
peripheral blood monocytcs (a) or its HLA-DR expression in UV-MPH and 
LC (dot plot in band c, respectively) relative to the isotypc control staining 
(contour plot) . Cells were pre-incubated with indo-1 and anti-Fc-yRJl 
MoAb (bold li11c) or mouse lgG2b (liglrt li11e), and intracellular calcium was 
measured in real time after the addition of goat anti-mouse IgG2b to 
crosslink FcyRJI molecules. Data arc expressed as mean indo-1 ratio of the 
DR+ population at each time point (Multi-Time). 
modify cutaneous inflammatory responses, including IL-la, IL-1J3, 
IFN--y, bradykinin, and substance P [24-26), induced responses in 
either LC or UV-MPH, except for the vigorous calcium mobiliza-
tion by the addition of ionomycin (not shown) [20). R epeated 
experiments in multiple subjects verified the distinct responses by 
UV-MPH and LC (Fig 3) . 
Image Analysis of Fura-2-Loaded LC After Binding to 
Fibronectin Signal tramduction events in LC may be dependent 
upon adhesion to an extemal support, as has been demonstrated in 
RBL celJs [27). To evaluate this possibility, LC-enriched EC were 
bound to the extracelJular matrix protein, fibronectin, on coverslips 
and loaded with another calcium indicator, fura- 2, and intracellular 
calcium mobilization after crosslinking Fc-yRII molecules was 
measured by image analysis. Among fura-2-loaded EC (Fig 4a), 
HLA-DR expression visualized by Texas Red fluorescence allowed 
selection ofLC for calcium imaging (Fig 4b). T he baseline calcium 
level tracing ofLC, which were also tagged with anti- Fc-yRII, was 
stable within the continuous flow chamber (Fig 4c). However, after 
infusion of goat anti-mouse IgG2b to crosslink their Fc-yRll, LC did 
not change their intracellular calcium level (Fig 4c). ln repeated 
experiments (n = 3), multiple LC were examin ed, but none fluxed 
calcium in response to Fc-yRll crosslinking, despite the fact that 
calcium ionophore was comple tely active on these same celJs. 
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DISCUSSION 
Crosslinking of the surface receptors for IgG molecules, Fc')'Rl and 
Fc-yRll, resulted in a rapid increase of intracelJular calcium in 
monocyte / macrophages extracted fi-om ill 11i11o humru1 skin (UV-
exposed), as well as peripheral blood monocytes . UV-MPH also 
experienced calcium flux upon the addition of the bacterial che-
m oattractant FMLP. The fact that LC did not demonstrate a parallel 
intracellular calcium increase in response to the tested stimuli 
confirms the hypothesis that LC and monocytic/macrophagic cells 
in the skin are differentially responsive to soluble and cell-associated 
signals in the skin . These findings suggest that tissue macrophages 
and dendritic APC lineage cells in other target orgru1s of immune 
responses may also undergo distinct activational events in response 
to a given inflammatory milieu. When intracellular calcium mobi-
lization occurs, such as in monocytes 11ia Fc-yRII, diverse biologi c 
effector responses are induced . These include induction of phago-
cytosis [28), superoxide production [29,30], and the synthesis and 
release of several mediators of inflammation including TNF [31] 
and IL-6 [32). Whether the TL-1 upregulation characteristic of 
UV-MPH11 is inducible via Fc-yRJI is not yet clear, but Fc-yRII 
triggering did not modulate UV-MPH alloantigen presenting abil-
ity (not shown). 
Infiltrating macrophages may u1deed encow1ter immune com-
plexes and complement fragments (to trigger Fe receptors and J32 
integrins, respectively) in UV -exposed skin ill vi11o. After UV 
irradiation, binding of autoantibodies to nuclear antigens from LE 
patients is induced on the sur£'!ce of human keratinocytes [33,34). 
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Figure 2. Both FcyRI crosslinking and FMLP caused significant 
intracellular calcium mobilization in UV -MPH, but not in LC. Both 
UV-MPI-1 (a ,c,e) and LC (b,dJ) were selected by their HLA-DR expression 
after tagging cells with MoAbs to the FcyRJ (a,b) (lwld li11e) , to CDll b (eJ) 
(bold /iue), or their isotype controls (a,b, eJ) (11011-bold li11e). Cells were then 
stimulated by adding crosslinking antibodies as described in Fig 1. In other 
experiments, after selection of DR+ UV-MPH or LC as above, cells were 
stimulated by addjtion ofFMLP (c mtd d, /wid), or control media (c nud d, light 
/iue). Data expressed as mean Indo-1 ratio of the DR+ population at e:1ch 
time poin t (Multi-Time). · 
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Figure 3. Fc-yRI and Fc-yRII crosslinking and FMLP induced cal-
cium mobilization reproducably in UV -MPH, but not in LC. 
Grouped data (mean ::':: SEM of change in indo-1 ratio) quantitating the 
intracellular calcium response ofUV-MPH to Fc-yRJ (n = 4), Fc-ylUI (n = 
4), and FMLP (n = 4) . In contrast, LC did not change intracellular calcium 
in respon~e to either Fc-yRI (n = 4), Fc-ylUI (n = 3), or FMLP (n = 2). 
Complement deposition has been observed in epidermal cells after 
UV irradiation [35]. Thus, monocytic/macrophagic cells entering 
the dermis and epidermis from the microvasculature, as well av 
residual LC, may reasonably be expected to encounter such signals 
and w-idergo differential activation in response. 
Because LC did not exhibit calciuin flux by stimuli that are 
known to cause intracellular calcium mobilization in other cell 
types [36,37), it was possible that the anti-HLA-DR visualizing 
antibody interfered with subsequent crosslinking signaling. Tlus 
possibility was unlikely, because directly conjugated anti- HLA-DR 
antibody was used without crosslinking, and because UV-MPH 
were able to fliLx calcium under identical conditions. Furthermore, 
there was no induction of calcium flux in LC after crosslinking of 
HL~-DR, CD1a, or FqRII, whether anti-CD1a or anti-HLA-DR 
was used as the visualizing antibody (not shown) . There are several 
a c 
392 
:? 
.s 294 
c 
THE JOURNAL OF INVESTIGATIVE DERMATOLOGY 
possibilities to explain LC unresponsiveness. One possibility might 
be that LC are so highly specialized in antigen processing and 
presentation ("professional antigen-presenting cells") that calcium 
flux does not provide second messenger signals from ligated Fe 
receptors for effector functions such as oxidative burst or phago-
cytosis, functions characteristic of monocytes, macrophages, and 
neutroplllls [28,30). Even upon maturation ex 11ivo from a primarily 
antigen-processing state to a highly efficient antigen-presenting 
state after in vitro culture [13,38), human LC still were unable to 
trigger calcium via FcyRII (not shown). 
LC might require a co-stimulating signal from adhesion to 
extracellular matrix proteins (to model {31 integrins or E cadherin 
adhesion to keratinocytes) [39,40]; fibronectin adhesion to {31 
integrin, however, did not result in flux. In an intact organ culture 
model, triggering epidermal Fe IgG receptors in epidermal sheets of 
mice did inlubit the up-regulation ofla molecules by IL-2 and IL-6 
[41), suggesting that LC rnight be able to respond to Fe receptor 
ligation; however, an indirect effect via dendritic epidermal T cells 
in murine epidermis catmot be ruled out. 
Altematively, LC may uti.lize FcyRll- triggered signal- transduc-
tion pathways that are upstream or distinct from calcium mobiliza-
tion. Several examples of FcyRII- expressing B-cell or fibroblast 
cell lines that do not respond with calcium flux are reported 
[18,42), and some monocytic cells and neutroplllls do induce 
tyrosine phosphorylation via Syk or Src-related tyrosine kinases 
[43 ,44). There was insufficient yield of ex 11ivo LC from our subjects 
to perform immunoblots to detect tyrosine phosphorylation. 
In summary, peripheral blood monocytes and UV-induced epi-
dermal macrophages both increased intracellular calcium after 
crosslinking FcyRll and FcyRI as well as in response to FMLP. In 
contrast, normal epidermal LC did not flux intracellular calciwn 
after such signa.ling, nor in response to IL-1a, lL-1{3, IFN- y, or 
bradykinin. These data indicate that b lood monocytes and infiltrat-
ing macrophages differ substantially from LC in their response to 
immune complexes and chemoattractants. It is likely that di1feren-
tial responsiveness to the inflammatory milieu is an important 
determinatlt influencing the APC or effector capabilities of these 
populations with distinct functional activities in peripheral i11 11i11o 
tissue. 
T his work rvas supported by NIAMS gra11ts R0-1 AR 4164201 A 1, a11d NIH P60 
AR20557 (Multi Poii]JOse Arthritis Centeo). 
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Figure 4. Image analysis ofLC adhered to fibronectin-coated coverslips. Freshly prepared, fibronectin-immobilized EC were allowed to incorporate 
fura-2 and incubated with a cocktail of Texas Red-coqjugated anti-HLA-DR and unconjugated anti-Fc-yiUI MoAbs. Among the fura-2-loaded cells (a) , 
LC were selected by their HLA-DR expression (b). LC did not increase intracellular calcium after crosslinking Fc-yRII molecules by goat anti-mouse IgG2b 
(G/MlgG2b) (c). By contrast, the calcium ionophore ionomycin induced a rapid increase of intracellular calcium. 
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